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AuHoTanusl. [lpemioxeH anropuTM MO3BOISIIOLIMIT ONTHMAJIbHO BOCCTAHABIMBATH OOBEKT MO €ro MHCKPETHBIM H300paKeHHSIM
c(OpMHUPOBAHHBIM HECKOJIBKUMH JIMHEHHBIMU CHCTeMaMH. IIpuBeIeHbI cilydan, KOr/ja ero NpUMEHEHHE MO3BOJISET M0Ty4aTh 3HAYUTEIBHO Golee
TOYHBIE (B JECSATKU Pa3) pe3ylIbTaThl BOCCTAHOBIICHHS IT0 CPAaBHEHHIO C PE3yJIbTaTaMH BOCCTAHOBIICHHS H300paxkeHUs! c(POPMHPOBAHHOTO OHOH
JIyqI1ed CUCTEMOM.

BBEJJEHUE

Yucnennas o0paboTka M300pakeHUH C LIENBIO MOJYyYeHUs] COJepIKaTeIbHOW HHPOpMAUUU 00 ONTHYECKUX
XapaKTepUCTHKaX HabrogaeMoro oO0BeKTa OOBIYHO CBs3aHA C pEIIEHHEM HHTErpanbHOro ypaBHeHHs dpenronsma
nepBoro pojga. Ha mpaktuke 00BEKT MOXHO HaOMI0JaTh HECKOJBKMMH HeEWaeadbHBIMU cucTeMamu. OJHAKO
AHATM3UPYIOT JUIIb PEe3yIbTaThl HAOMIONCHNS HAWIydIIeH CHCTEMON M, CIIe0BaTEeNbHO, PEIIalOT COOTBETCTBYIONIEE
el YpaBHCHUE. Ho cucremsl Ha6J’[}OZ[eHI/I$[ MOryT OBITh HEUACAJIBHBI IO PA3HOMY U HAXKE «IIJIOXUE) CUCTEMBI MOT'YT
coziepKaTh Takylo MHpOpMaIHio 00 00beKTe, KOTOpOH HepocTaeT B Hawrydmed. [ToaTomy, MbI monaraem, 4To OBLIO
Obl TONE3HBIM pa3paboTaTh CXeMy HaOJIONCHHS OJHOTO W TOTO JK€ OOBEKTa HECKOJNBKUMH CHCTEMaMH |
BOCCTaHOBUTH WH(popManuio 00 00bEKTe ONTHUMAIBHO O pe3yibTaTaM HaOJMIONCHUH 3THMH cHcTeMaMH. bynem
Ha3bIBaTh TAKUE CXEMbI HAOIIOCHUSI 00HEKTOB KOMOMHUPOBAaHHBIMH CHCTEMaMH.

ONTHUMAJIbHBIN AJITOPUTM BOCCTAHOBJIEHHU I OFBEKTOB I10 U30BPAXKEHHSM,
C®OPMHNPOBAHHBIM KOMBMHNPOBAHHBIMI CUCTEMAMU

Iporecc GopMHUPOBAHUS TaHHBIX KOMOHHUPOBAHHON CUCTEMOM MOJCIUPYETCS CIACAYIONIMM ypaBHEHUEM
N

[2()KE.E,p)dE = f(%,p) +V(EP)=FEp): sk @
-8

rae Z(&) -ncxomtre XapaKTepUCTHKH o6bekTa, E=(E,&,,..&,), dE =dEdE,..dE,
éZ(Sl,SZ,...,SM), :()(l,XZ,...,XN), dY(:XmdXZ...dXN, ﬁZ(R,RR) HepasenctBa Tuma |)?|S ﬁ

X
0003HauaIT |)§| < R s kaxmoro i. llenouncnennas nepeMenHas P 0003HAYAET HOMEP OTAENBHON CHCTEMBL.
[IpaBas wacte BeIpakeHHs (1) W3BecTHa NPHOIMKECHHO: f(X, p)— TOYHOE 3HA4YEHHE IIPaBOM 4YacTH, y(x, p) -

MOTPEeIIHOCTh ee 3amaHus (myMm). Ksagparmuno- cymmupyemoe simpo ypasHeHus (1) K()?,c? , P) onpenemmm
CIICAYIOIIUM BBIPAXKCHUEM:

BAK(K? 1)
%AK(K&Z)

K(X,&,p) = )

3nech Ap, p=12,...,P - HOPMHPOBOYHBEIEC (B Cllydac pa3HBIX PETUCTPATOPOB - Pa3HOH pPa3MEPHOCTH)
KOX(PUIUEHTHI, BHIOMpacMble TakKUM O00pa3oM, 4YTOOBI AWCHEPCHs IIyMa BCEX CHCTEM HaONIOIeHHs ObLia

omuHakoBoi, a K (X,E ) p) - (pyHKIMS pasMBITUS TOUKH CHCTEMBI ¢ HOMEpoM P . B kadecTBe anropurma oOpaboTKH

JAHHBIX, 3apeTHCTPUPOBAHHBIX KOMOMHMPOBAaHHBIMH CHCTEMaMH BBIOMpaeM cTaOMIM3MpoBaHHBIA [1] amroputm
BOCCTAHOBJICHHUsSI OOBEKTOB, TaK KaK OH IIPH JIIOOOH NMCKPETH3AIMU MCXOIHBIX JAHHBIX SIBISCTCS ONTHMAIBHBIM C
OLICHKOM TOYHOCTH B CpPEIHEKBAJPATHUECKOM METpHUKE M TNPHUMEHHM Jaxe eciau ypaBHeHue (1) He mnmeer
OJJHO3HAYHOTO pelIeHHs. BuI ero mpakTudeckn HE MEHsSETCs ISl KOMOMHHMPOBAaHHBIX CHCTEM C JIOOBIMH SIAPAMHU
tuna (2). [IpuBenem ero MOIHOCTEHIO.

VckoMmBIii 00BEKT MpeCcTaBIIsieTCs B BUIIE psizia 10 IPON3BOJIBHON cHCTeMe 0a3uCHBIX (QYHKIUH

2=y .. [fss ®
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Torna, «pubmmkeHHoe» pemenne ypaBHeHus (1) nmpeacrasnsercs B BUE

m

L LS ABR@Y B0
2E.B) =Y (W, (€)=Y T -
= B+ A(AH@.9)

4

s
3nech ¢k(Y(, p) = J-L,Uk(g )K()?,f ) p)df SBISIOTCA ~ M300pakeHUsIMM ~ Oa3uCHBIX  (yHKIMH, a
s

(¢kv¢‘) = Z ¢k(f(, p)¢| (X, p) ux ckanspreie nponssenerns. (CyMMUpPOBaHHE MPOBOIUTCS 110 BCEM 3HAUYCHHSIM
X,p
JMCKPETH3MPOBAHHBIX IS BBOJIA B KOMITbIOTEp apryMenToB m3oopaxkenns F (X, P)). «[IpubimkeHnbiey 3HAUEHHS

KO3 PHUIMNEHTOB pa3inokeHus (3) BEIYUCISAIOTCS IO (hopMyIIe

D X R0
(=Y d.(B—T———.
= Bm + Z dm(B)(¢k ’¢m)

Koappunmentst d“1 (B) paccunrsiBarotcs o pekyppeHTHOit hopmyse

L S A(B®.9)
d,(B)=-3 d (B)—= —— ,
T By (A

| =12,..,n=-1 n=12,... . IIpustom dkk(B) =1, k=12,...,aec | >N, 10 dm(ﬁ) =0.

«[IpuGmmKeHHOS) peleHne (4) 3aBHCHT OT CTaGMIM3MPYIOMEro BeKTopHOro napamerpa 3 = ( [31, [32,...) .

Ero ontumansHOE 3HAUCHHE BRIYUCIISICTCS U3 YyCJI0BHUSA MUHUMYMa Cpe}IHeKBaHpaTI/I‘{eCKOI\/’I OIITNOKH

p'= j_[z(? B)-2)] o€

IIPYU CTATUCTUCTHYECKHUX YCIOBUAX:
2 )e.6(=)c(8,. 6 )6r(=0, » )yy.(=v,,
(HEeKOppeNIMpPOBaHHBIH ObEKTa, OOBEKT M IIYM HEKOPPEIMPOBAHBI, ITyM HEKOPPEIHUpPOBaH). 31ech yf- JUcrepeus

OIMOKU C HYJIEBBIM CPEIHUM TIPU OMPENEICHUN 3HauYECHUIH f(X,f ) p) JUTSL BBOJIAa B KOMITBIOTEP, YIJIOBBIE CKOOKH
03HAYAIOT YCPENHCHHWE II0 MHOXKECTBY peanm3anuil. OnTuManpHble 3HAYCHHS CTaOWIM3HPYIOMIETO Iapamerpa

v - 2 2
IIOMCTHM 3BE3A0YKOH. Hx 3HaveHms: Bm - y* />Cm< . HpI/I TaKUX 3HaA4YCHUAX CTa6I/IJ'II/I3I/Ipy}OH.IeFO napamMeTpa

MHUHUMAJIbHBIC CPEAHCKBAAPATUICCKUC OIIMOKH UMCIOT BUI

A (B y.) = >[c (B'y.)- C.]2< 3 dliff*)>°5l<vf
Tyl d.(B)9.9.)

: ©)

# . ely'y diB)
PBLY) =Y T | ;
Ty e d(B)0.9.)

[Mocnennne nBe QopMynbl TO3BOJISIOT — OLCHWTH YBEIMYCHHWE TOYHOCTH ONpenesieHns oO0beKTa NpH
UCIIONIb30BAaHUN KOMOMHMPOBAHHOM CHCTEMBI 110 CPaBHEHHIO C €AMHWYHOW. Tak, Hampumep, eciu B KadecTBE
Pe3yJIbTaTOB M3MEpEHHs KOMOWHHMPOBAHHON CHCTEMOHM paccMaTpHBaTh /IBAa HE3aBHCHMBIX H300pakeHHSI 00BEKTa,
PasMBITBIX 3a CYET NPSMOJIMHEHHOTO pPaBHOMEPHOTO JBW)KEHHMS 332 BpeMs OKCIO3UIMH 110 B3aHUMHO
MepIIeHAEKYIPHBIM HalpaBlIeHUsAM, TO pacueT 1o (Gopmynam (5), (6) mOKa3bIBaeT yBEIMYCHUE TOYHOCTH B JICCATKU
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2
pa3 (mpu HeGompmux )« ). DTOT daxr 0OYCIOBICH TeM, YTO B H300PaXCHHH DPasMBITOM IO HANPABICHHIO X

3HaUEHUS] TPOCTPAHCTBEHHOTO CIEKTpa OOBEKTa Ha YacToTax (0,0.)y)OCTa}OTCSI HEUCKa)XEeHHBIMUA. Bo BTOpOM

n300pakeHnH, HAa00OPOT, COXPAHAIOT CBOW BHJ 3HAUEHHS CIIEKTpa 0OBEKTa HAa YaCTOTAax (a)x,O). Takum o6pazom,

IIPU HCIHOJBb30BAHUM ONTHMAIBFHOTO AJITOPUTMa BOCCTAHOBJICHHS OIIMOKM PE3KO CHIDKAIOTCS HPH COBMECTHOH
YHUCIIEHHOW 00paboTKe ABYX M300paxeHuid. Jpyroi mpumep - peHTI€HOBCKast TOMOTpadusi, KOTOPYIO TOXE MOKHO
paccMarpuBaTh Kak KOMOMHHMPOBAHHYIO CHCTEMY, II0 OJHOH IPOEKIHH IOJIYYUTh OOBEMHOE pacrpereieHue
HEBO3MOXHO. [IpeioskeHHBI METO/ TaKkXKe MOXET OBITh MOJIe3eH IpU 00pabOTKEe CHEKTPOCKONMMYECKUX aHHBIX,
KOTZIa COBMECTHO HCIOJIB3YIOTCSI PE3yJIbTaThl HM3MEPEHHH TPaJWLMOHHBIMH MeTojaMu U MeTogoM Dypbe-
CIIEKTPOCKOIINH.
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THE OPTIMAL RESTORATION OF OBJEKT FROM DATA FORMED SOME OPTICAL SYSTEMS
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Abstract. The algorithm allowing optimum is offered to restore object under its discrete images generated by several linear systems. The
cases are given, when its application allows to receive considerably accurate (up to tenfolds) results of restoration in comparison with results of
restoration of the image generated by one, even best, system.

INTRODUCTION

The numerical processing of the images with the purpose of reception of the substantial information about
the optical characteristics of observable object is usually connected to the solution of the Fredholm integrated equation
of the first kind. In practice, the object can be observed by several not ideal systems. However analyze is going only
with results of supervision by the best system and, hence, by solving) the equation, appropriate to it. But the systems
of supervision can be nonideal on any other business and even the "bad" systems can contain such information on
object, which lacks in the best ones. Therefore, we believe, that would be useful to develop the algorithm of
supervision of the same object by several systems and to restore the information on object optimum by results of
supervision by these systems. Let's name such systems of supervision of objects as the combined systems.

OPTIMUM ALGORITHM OF RESTORATION OF OBJECTS UNDER THE IMAGES GENERATED BY
COMBINED SYSTEMS
The process of formation of the data by the combined system is simulated by the following equation

[ZOKRE, pdE = F(X,p)+y(X,p)=F(x,p). <R, (1)

Where z() are the required characteristics of object,
E=(,¢,...8,),dE =dEdE,..dE,, S=(S.S..S,). X=(X,X,.nX,), d%=dxdx..dx,,
R=(R,R..R).

The inequalities of a type |7(| <R designate |X| < R for everyone I . Integer varigble p designates number of
separate system. The right part of expression (1) is known approximately as f (X, p) -is exact value of the right part,
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Y(X, p)is error of its given value (noise). Square-integrated kernel K()?,g, p) of the equation (1) we shall
determine by the following expression:

DAKufn

&K(XE 2)

K(%.E,p) = @

Here - Ap, p=12,..., P normalised (in case of the different registrators they have- different dimensions) factors

chosen so that dispersion of noise of all systems of observation was identical. As algorithm of data processing
registered by the combined systems is chosen stabilized [1] algorithm of restoration of objects, as it at any
discretisation of the initial data is optimum with arating of accuracy in mean-squared metrics and is applicable even if
the equation (1) has no single-valued solution . The kind of it practically does not vary for the combined systems with
any nucleuses such as (2). For the explanatory told we shall give it completely.

The required object is represented as an expansion (3) on any system of basic functions

2(8) = zcw €. El=s. 3
Then, the' approached solution of the equation (1) is represented as
. Zd‘m(ﬁ)w (é)zd (B)(@..F)
26.8)=3 cBw.@= 3 . @)
= B+Sd (A9

Here ¢ (X, p) = ka(E)K(Xf, p)dé are the images of basic functions, and (¢, @,) = Z‘MX P)¢, (X, p)

are their scalar products. (The summation will be carried out on all values discretised for input in the computer of
arguments of the image). The "approached" values of factors of decomposition (3) are calculated under the formulae

D X: R ()N
(=Y d(B)—=———.
o Bm + Z dkm(B)(¢k’¢m)

Thefactors d, () are calculated on by the recurrent formula

L S dA6.9)

d.(8)=-> d.(B)—=F—— :
B+ Z d.(8)(¢..9.)

| =12,...,n-1n=12,.. .Thus d (B) =1 k=12,.., adif | >n,then d (B) =0.

The "approached" solution (4) depends on stabilizing vector parameter B =(B.,B,,.). . Its optimum value is
calculated from a condition of a minimum mean-squared error

s, 1 L
[[:€.B)-=)] o
=5

at statistical conditions &) <Ckci> = <C]§ >5lk é)<ckyl.> =0, a)<yl_ yk> = y*z J.
(uncorrelated object, object and noise are uncorrelated, noise is uncorrelated). Here yf is dispersion of an error with

zero average at definition of values f ()? , f , p) for input in the computer, the angular brackets mean averaging on
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set of realizations. Optimum values of stabilizing parameter we shall mark by an asterisk. Their values are
,3,: = yf /<Ci> .. At such values of stabilizing parameter minimal mean-squared values of an error are
2 1 * 2\,,2
2, A% % 2 © dlm(:B )<Cm>y*
(a2 (B"y)) =B v =a] ) =3 m '
m=1,,2 2 N*
y* +<Cm>zdkm(ﬁ )(¢ka¢m)
k=1

L @y ad

P*(B7.yd) =5 v _ |

Y2 +(e2)3 dun(B - 90)
k=1

Last two formulas alow to estimate increase of accuracy of definition of object at use of the combined
system in comparison with results of restoration of the image generated by any one individual system. So, for
example, if as results of measurement by the combined system to consider two independent images of object, blurred
at the expense of rectilinear uniform movement during an exposition on mutually perpendicular to directions, the

(6)

account under the formulas (5), (6) shows increase of accuracy in tenfolds (at small yf ). Thisfact is caused by that
in the image, blurred on a direction X of value of a spatial spectrum of object on frequencies (0,wy)rernain

undistorted. In the second image, on the contrary, keep the values of a spectrum of object on frequencies (a)x,O).

Thus, at use of optimum algorithm of restoration, the mistakes are sharply reduced at joint numerical processing of
two images.

CONCLUGION
The results of work show, what not always it is necessary to ignore "bad" systems of supervision. Their
sharing with usual ones can essentially improve accuracy of restoration of an object, so and raise probability of its
recognition.
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